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Co Co Co 



[0 0 8 1] 

HQ0OPQ (%op) ilHN^oPj, (%op) tt. 7^®J:e)lC^il^*lS. 
[00 8 2] 
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[tK63 



[0 0 8 3] 

^ (6) , (7) (8) ij-^^Hk^t^tJ^^. 

[0084] 

mi] 



OpNS-OpQ-J— (9) 



[0 0 8 5] 

l-CPLlCj:-5Qa)Rm^ (QR) <ommmt. r-CPLlCi:eQ® 

[0086] 
[|5t8] 



» _2^EZ^ = 2^8Z£k = 2^^«-^ (10) 



[0 0 8 7] 

(8) -ei^CJi^JC^ilStlSo 
[0 0 8 8] 



s 

. ) 
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^(10) $:ffi^^•r, M^^ii^^'^^^^o 
[0 0 8 9] 



2 



(11) 



1-^ 

i. (12) 

2 



[0 0 9 0] 

[0 0 9 1] 
mi 0] 



K=^ (13) 



[0 0 9 2] 

[0 0 9 3] 
[fJCll] 



[0 0 9 4] 



^ i^spi 1-2 3 6 1 7 1 



[0 0 9 5] 

mi 2] 



jl' 

K 



[0 0 9 6] 

[0 0 9 7] 
[til 3] 



K 

[0 0 9 8] 

[0 0 9 9] 
[|$14] 




(17) 



[0 10 0] 
[0 10 1] 



) 



1 1-2 3 6 1 7. 



[^1 5] 



[0 10 2] 

(D ^ZX\ IJcfiie/a.^ Iz-^/a^^M^S- 
LO 1 0 3] 

[0 104] 
[15(16] 

2K+1 2K+1 
Co "aiCL+M 2KL+M 

[0105] 

-tl^0^3^lC^V>T, 1®, exp (-kgt) liS0(?)5i^<?)a^i:tT^M 
[0 10 6] 



• ' \ 11-236171 

mi 7] 

,__9»L_-Eo^ = l-f^ + ^l (21) 
[0 10 7] 

^tie>®»#^ (A) (2 0) feJ:t?^ (2 1) {Cj:y. exp(-kgt)© 

-fillizCffifCl : lT^^51--g>c exp(-kpt) ^^^(n>A^^-9->L\.X 

• tt^^tlSo Cqb/Cq ilCQs/Co ^ (19) (2 0) $:fflV^ 

[0 10 8] 

^ (9) ^ (14). (19) (2 0) T-e/a^ 

•gN)>0'SQ=0. 0 0 74 i:gj,=0. 0074, gQ=0. 0 0 7 4 
^ tgjj=-0- 0074;K=0. 66),^-:^ 2 (gQ • g^, ) <0 • «q 
= 0. 00 74i:gN=-0. 00 7 4, gQ=-0. 0 074i:gN=0. 0 
0 74 ;K = 0. 6 6) ©^^©^-^.Klo VxTf54)>lTV>S. 
[0 10 9] 

(1 0) \z^t\.\t. >5r->t l^cfev^TlikJJ >ks 28:t;k_g>k_s'e^y, 
^^-7.2^CfeV^TttkJJ >ks IfctJ^ k_g<k_sT'feS, 
^-Xl ^CfeV^T^i, 09- (a) lC^s$ tlS J: ^ ffilgi^M (HQ) 0% 

opii, ^fl:©|g«)JciiitiDU rl^^tctt^'^-rs. (p s s) 

-eiili€0K:M1-€.o >^->^2lcfevxTa:, ffi^^lS (HQ) ®%opiie>ffcJCJ: 

[0 110] 



1-23 6 1 7 .. . ' 



mt^ 09- (b) {c^$ti^j:e)(c. ^-y^nzisn^^^mn (hn) © 
(HN) ©%op», ig'fbicj:»j*iiiDb> P s s ■em:^icM-r&o 

[0 111] 

>^7-7.2^C^^^Tii, tbfiltiM (HQ) (D%opJiLt;^fiS;ifeM (HN) ©%op0 
[0 112] 

• ^^mm (HN) ®%op©rti^®#mtt, mnmn (hn) (h 

[0 113] 
[0 114] 

t;4^^M®%opi:^fl:i:®^®K^Jc^l-v^^WS:;SLl^"r3i:*^%x.e>ti§c 

< B >%opic;g:if "T K CDliOj^i?. 
[0 115] 

aiOtt, gQ •gN<0:gQ=0. 00 74i:gK =-0. 0 0 74^1)^ 

g^=_o. oo74fcg^=o. 0 0 74) (D^-:?5.k:ov^t^ ( (9) . ( 

14) , (1 9) fc^tJ^ (20) ) lCj:y^>:a^l/-S/3>bT#bnfcc 3® 

S/aL$i/-e/3>tt, tfj^ifeiji2Stt;^fi^ti^®%oph^<l:i:(^r^®g9^icKa)M 

[0 116] 
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01 0 (a) \%. h*U*a0#^> ffil^W®%oP (HQ) li^^btCj:»JJt 

0%op^/^^. \.%-hi^iS^h. 01 0 (b) tt. Y.%^%^<U^^^ ^mi%<f> 
%op (HN) Ji#^*^ic^'>^t^i^:^^>t= K:^^oo(o^^. ^i^tfg®%opii 

[0117] 

<C>HN-HQ^^C0V^T(DA°^;l-^-5:ffiV^Si/a^ l/-S/3>. 
[0 118] 

CD^^;i/3fe^e5<£®K:»^<3^^®^l-^VxT^>:x^ I/->>3>bfco CPL^ 
[0119] 

01 (c) ~ (f) JC^$tieJ:e)tC, (-) -HQ<Z)A6/£©^IF^tt. < 
24 5 nm<Z)?S:^T'© (") - HNCD^tlilM^J^So ( + ) "HQOA 

<2 4 5nm<Z)^g:gT0 (-) - HNO-^tlilM^Ji^o 

[0 12 0] 

>^-><. (1) ^cpL (CPLMM^^^R) =24 5nin (Sq =±0. 0074 

ilg^ =0. K=0. 6 6) 
>T'-7. (2) ^cPL = 2 5 5nm (gQ =0. 0 0 7 4 i: gj, = - 0. 00 5 

, «>6V^ttgQ =-0. 0 0 74 i:gN = 0. 0 0 5. K=0. 

3 3) 



■) ij^5jiii_23 6 l7 



(3) ;icpL = 2 5 0 nin (gQ=0. 0 0 74i:gj, =-0. 00 3 
, feSVMigQ =-0. 00 74 tgN =0. 003, K=0. 
5) 

(4) ;icpL=2 15nm(gQ=0. 0 0 7i:gN=0. 0 0 3, 
^V^{igQ =-0. 0 0 7i;gK =0. 003, K=l) 

[0 12 1] 

(1) ICfeVxTli, HQli24 5nm©CPL{Cj:yMM^tl. HQtt 

-HN©As/e», 24 5nm-e-^DT'feSfc«)tC. HNOglSlCli 
^^^*^#*^;&V^„ HN^COV^T(Z)CPL0^i!I^i> HNICM-T^L P L ill^CT' 
fey, cPLliHN$:HQtC#^x-^:/^:t-7-^«^Wtcmib1-Sfe'i^-^'^^o 
[0 12 2] 

o 

[0 12 3] 

HQ$:250nm i^-T. (2) ) ^lt;255nm (3) ) ®CPL 

K:J:ymitt-s#^ic(i, cPHiHQ®3p^;i/«:y-::^i:tT«llg'rsy£itT* 

® H N ©-en t If CT? s . 
[0 12 4] 

^-7. (4) lCfcV>Ttt, HQtt2 15nm (4) ) ©CPLtC^U 

mM$n. CPLttHQi:HNG)55l;&®^^;V^^V-:^^^'^^^^^- 
;&*^e„ HQ<D^x^>5^:rv-(7>g«l®^f#a:. C P LmMtSt^t'HNilS^ 



ijfspi 1-2 3 6 1 7 1 




'ilr.'aCCS). (14). (19)Sii;(20))K«->^5V- 

ffi8»H«)%0P (HQ) tt. v>1-n<D'r-^.cfi.>T*.. S)S<Dj|0J:*.c« 

1) (2) atf (4) tcSv<Ttt5(5<0i«Tt«K«'>-rs«=. ■!r-X. <2) 
KS»6%0Ptt«btCi.)»t«t^. HtC, ^-^ (2) «)->:.5V->H>i: 
(3) ffli-aS W>3:'«:tte^*^- fflg«®;»:S 

stt^v^.cHC-efes*^ 4««.«®%»p (hn) 0iic^> 

ansiic. aiiifea (HQ) '^^'''^ 
^-^ (3) «**.tBcr-$.*. ^-^ (2) t^-^ <3) 

Ctt. S)«#S (HN) ®g (S, ) <^N ^ 

(2)) ,0. 003. (^-X(3)) =0. 005). .r-^ (2) t 

(3) «)iallC**fe. K<DST®S*'S>«> (^-^ (2) ) : 0. 5 
K ^^-y, (3) ) ; 0. 23) . ^«J:^K. ifte.«>J.a5 

" HQ-HN*CS»*Si«->y-X<D«((9). (14). (19)at^( 
2 0) ) (D^^^if^yt^^^^^'^^' 

[0 12 8] 



1 1 - 2 3 6 1 7 } 



1 8] 



j-Sm-e-M (22) 
M> 



s,%ie-»«« (23) 
Co 



[0 12 9] 

^:NASSicfei:rs^^:^ (b) ) K:®ffiS*i#^o 

t^^T, r<Z)i^U-X(Z)^ ( (9) . (14), (19) (20).) tt, 
^^©fi^m^ (^ (2 2) (2 3) #®) $:#oT, ISIB^JSM 1 KItj^ O 

[0130] 

SfiM^^-^^ (NAAS) ®-^^C■rt*^V^i:^^e>Sl*T'*-6o 
[0 13 1] 

<A>2 4 5 nmT'MMS^l^^HQ. 
[0 13 2] 

2 4 5 n mT' 1 - C P L tC J: »J *v:^=^H Q ®^«0U V;^-^^ h 
012lC5^b)tc 24 5 nm-e(Z)l-CPLJCj:S3^WtCj:y. *?|2 7 0 nia 
T'0iaiR*^3!lC^<«iy> UV>^^^ h;V2o©^l»Jl5t.^.*«*&2 0 8nmi:»&2 
1 2 n inlcS«!lS*l^c. HQ©?§?£% 2 4 5 n mT' r - C P L^LlJ^L P LlC<fc »j 

[0 13 3] 
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[0 134] 

2 4 5 n mT' 1 -^ttJf r - C P L J: »;mM$*lfcH Q©|§llltCO V^T^DJftM 

tr-^3b^jKl2 1 5nmtm2 7 0 n mlC|iS!l$4x. ^|gliMK:^< feo feo 
[0 13 5] 

015tt. HQ®^|g[$:2 4 5 nmT'r-CPLlCj:yMMUfe#-&, -fsf^C 

24 5nmT'r-CPLJC<J:yMIJbfe^^. (") - HQ*^#5feWlCii®Stl 
2 4 5nmT'©r-CPLK:<l:-6mi*®i^^> ( + ) -HQ*^g5fe«K:^ofc 

(+) -HN3&M-) -HQicMli^b-r^fetoK:, r-cpncj:»;ii®$n 
#-^0CD7.'<^h;i/tt. (+) -HQ©CDx/<^h;i/i: (+) -hnocd 

;^'<^^>n/;^>^e>3&^;> -ecDfii^jtttisiJSSPg'ei i-efes. ^i^mt(Dmm^ 

j:yi&SStl*&«?)Sfe«?)tC, jS&2 1 5nni©CDM3^itt*&2 7 0 nmT'(D^n<fc 
♦j%,^<«iS. V^rtl^C-frJ:, 24 5nmT'r-CPLJCj:yMM$tlfcHQ<Z) 

a^t li-f T'feS. . 1^ H Q 0mm^ 2 4 5 n mT' 1 - C P L IC <fc miJ 

bfe^-^, CDX'<^h;n*. (-) -HQ©CD;^/<^h;i/i: (-) -hn® 
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ffilT'lfiS«)->ai^-^/3>•CJ:oT. 24 5 nn,T.CPL.Cj:.J!!§«S 
HNffl?Eft%S«U. S!)2 2 0nmT-®3Efttt. 2 4 5 n m-?C P Ltci 0 m« 

V<S (+) -Rtf (-) -HQtf2 8 0nmfV>*>45CDffl«%J#fe&V>fe 
«>lc! (+) -HNRtf (-) -HNfflgfttt. 2 80nin-e(DCDS«*e.W 
SSnfc. (+) -»«=(-) -HN<0Ae®;*:ga«'24 5nmT-*DT-S.S 
fcftlC. ( + ) -HQRtf (-) -HQfflX^>9^*-r-«)S«t, 245nm 

10 13 7] 

HI 6tt. cPLicj:';!ig»a*vfeHQffl^!fi®cDm«®*gstm«affl 

mmBt. CPLm«CJ:'J, 24 5nmi:2 8 0nmt®CD«3ttt. SSI 
«i»beiat»C-JfeT-»ofe. aiSKff^StvSA^K- 2 80„mT«)UV 
IRKCDaKt.. 24 5nm-CfflCPLm«C4:y-aiC&ofe. %.pteft (H 

lvSr*V«.CDg«*>6#fe*vfe. *S2 8 0n,nT.«)CD^'<9h/KD95 

fttt. 24 5nm-eCPLKJ:yM8ianfeHQfflSffiftCJ:yigi3*XfeHN 

(+) -Rt^ 2 8 0nm-CV^*>**CDm 

«t,%fe&V>fc«>tC. (+) -HNStf <-) -HNfflSfttt. 2 80nm^® 
CDiB«*^6W«anfe. <+) C-) -HN«.A affl^gati- 24 5 

nmT^DT.*6fe«>tC. (+) -HQRtf (-) -HC!<D*r»»«.»fttt. 2 

[0 13 8] 

@17«, 011 (1) lCS^3h*S^e«t5'^5l'-f9>«S«&*Rl- 



■■) 1 1 - 2 3 6 1 7 1 



<B>2 6 5nni-!?BR»S*lfeHQ, 
[0 J 3 9) 

2bb„m-eCPLCJ:'JMI*SntHQ®UVX'<i'hA®»fctt. SI 2 
K»^Mi.<OtmS>xmUtX'.^t.. 2 5 5 nmT-®CPLtCJ:Sm«tCi 
.J, *!,2 7 0nmT.ffl©«t*'3StC«<fey- U VX'<« h;l^20<D«««Ab. 
SS,2 0 8„n.i:*S2 12nn.tcaaJSilfc. 1^7 WSfS* t b&G C % 

. ffioT. HQ*.e.HN^®«fttt. ^r-;^ (1) fflmfa®:6a^ 2 8 0 n m-E 
[0 14 0] 

tS»T««<bTV>fc. «.T. ( + ) -HNRt; (-) -HN«gft.*. 2 8 
0„ml?©CDffi«*e.iBSSft. (+) -HQStf (-) -HQ<DX:h>^* 

[0141} 

ai8tt, Hii (3) tcsafts. %»t$^t->^ii'—>3>^^^^^ 

SV<Cfi0&-«SB1-. rffli^tc. HQ<D%optteftt»(CJtinU HN 

<C>2 4 5 ninT'miJ$4xfcHN. 
[0 14 2] 

HN*>e>HQ/\®«r2»®3tM14^blC0V>-C^ ( (9) > (14) > (19) 
,=24 5nm(g«=0^gQ=±0. 0 0 7 4, K=0. 58) iZ<D^- 



l) i^ipl 1-2 3 6 1 7 : y 



[0 14 3] 

mmUZ^.^ii^h(Dtm^xmnLr^.^f-. 24 5 nmT'0CPLtCj:§^m 
MtCj:U. ^2 7Onxn-e0MiiMtC||</^U, U V h;V 2 0(Z)^M 
.^.:b^2 0 8 nini:*?j2 12ninlcMtl$^:^Co ^Mtt, 

) . (3) (Z)m«l©^^'e2 8 0nmT®UVlKJR©^^lCj:yti^$tlfco 
[0 14 4] 

>?r->i (1) ®t;©fc@«>Tli«^b^:v^;rc. tj£oT, (+) -HN^5:tf (-) - 
Y\l^(0%it\t. 2^0nm'^0)Cm%%f>-^m'&-^tl. ( + ) "HQ^t; (") 
-HQCD^tt^^l^^m^bli. 24 5nIn-e®CDm»^e>^fi!^^^^^^- 
[0 1 4 5] 

^t,^^c^y^-:^o ^oT. (HN) ®ox,op©ff^:«»^+Tfe«>^^ic« 

^^JfelK (HQ) CD^f^M^^JC-'t^^'^^ ^^^fe^yitOo r3T% g 
N*^24 5nmT'€OT'feSfc«). C P LmitK:i:SMS^<^S<btt. HN*^P> 

©e^fctCJcyHQtDX-^^^^t-^-CDmfc^^^i^'rS. HN(DX^ 

+) -YiQi^mtts^mu^t^^ (-) -HNKimifci-^. 

r®J:e)tC. HNiil-CPLlCj:Ulil@S*l^ HN(Z)%opli--efe U , HQ 
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[0 14 6] 

01 9li, h-h U;i/«f«>HN$: 2 4 5 n m-^'C P L tC<fc UR^^It t ^>^r- 
[0 14 7] 

[0 14 8] 
[0 14 9] 

gfiaCDKagan (D^W, (a) ©N A A S lCSV>T»iEb <*V%3 il Srat 

[0 15 0] 

[^^<3Diai^] 

ijt±^b<si^bfei:s»j. zi(3Dms®^^t^<fc^'^> mmnt&mno 



i^5jl 1 1 - 2 3 6 1 7 _ 



[I 



ril!llu;v*c^ (+) (-) -HNB^t>- (+) (-) -HQ^ 
s&ffioTj^***®*!*! oo%l^»l/T^>^■. 
»&»Ufe0T-*.6. (a) (-)-HN(O. 102=.M)#29 0B=.<DL 

0 23 6n>M) 9 0 n n.«L P LTmMSnfee<DC D^-^e- b^K^SEflS 

+) -HQ. 

(O) ;1-CPL. (•) ;r-CPL: ( 



A) ; LPL. 
105] 

(a) 290nn>fi)l-fiJ:l^r-CPLT-7*>^by^l'*^-HNi 
ftSS^LfeHT-feS. (a) 2 8 0nn>T-<DCD«-R. (b) 220nm^<DC 



} #511 11-236171 



^ /^x 1 nPT (#) ; r-CPL ; (A) ; LPL. 
Di&JR: (O) ;1-CPL, Km; r i 



[07] 



(a) li^mn (HN) <D%o,tmmt<Dm^^^ m ^"'^ 



tcom^coi^.^i^-ysyt. (b) cPLmMij£^T^«mis^^<^gS^^ 

[09] 

%»,.caatffi5i®s (HQ) atf&^^s (hn) *g«<D»«ffl»»*^ 

1010] 

Bi^eS (HQ) Rtf4««lR (HN) «%.pCft«i-K<DS«<D»»S:^b 

feat-**. 

(b) 4SiBSl©%optc».S-rK 

r ^ b 1 h U ^*«H QStf H N 5 ;^**mSIC»^ < (HQ 
) StfSBltftR (HN) ®%opStfeft«)i'a5U-i'3VS^tfe0-^*«. 

(1) (CPLmWft) =24 5nm (g,=±0. 0074i:g« 

= 0, K=0. 66) *,A 

(2) X^=255nm(ge=0. 00 74J:g,=-0. 0 0 5. *6 

vniso=-o. 0074i:g„=0. 005. K=0. 33) 

(3) .„,=250nm(g«=0. 0074i:g,=-0. 003, 

vnts«=-o..oo74J:g,=o. oos. K=0. 5) 

(4) X„, =215nn>(g,=0. 007i:gH=0. 0 0 3-**-tt 



) 



1 1-23617 ^. 



=_0. 001 tg^ =-0. 0 03, K=l) 

mmutmmi^Mn (hn) 

[0131 

24 5nxnT'CPLWLPLlCi:«MUfcHQ®it?g ( CHQ3 o 
8 7xnM) C^^^CD^^b^ (2 8 0 nm-e(^U V^iR) ^R^MftCDlSI^K^^^ 

(O) ; 1-CPL, (•) ; r-CPL; (A) ;LPL 

\. 29mM^C^^^ ( (HQ) o =0. 8.7xnM) . CD:.^^ 

24 5llT'r-CPLlCj:ymM^nfcHQ®CD^'<^h;i^«>^>--l^- 
[016] 

(0);1-CPL 2 8 0 nmT'<DCD?g)^. (A) ; l-CPL 245 

n 

(•);r-CPL 2 8 0nmT'®CDm)t. (A);r-CPL 245 

n 

( ) ;LPL 2 8 0 nm'e0CD?gy& 
HQS 2 4 5 n mX-C P L iC i y aiSSUfea^® f - 5 ^- 5' = 
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(a) ffi^tiS (HQ) ®%opi:^'fl:^®S^> 

(b) ^J^ife^ (HN) ®%opi:^>ffc$®gl^ 

(O) ;1-C.PL, m O ;r-CPL 
i/a^l/-i/3>ffl^: - ; 1-CPL. - ; r-CPL 
[01 8] 

HQ^2 5 5 nmT'CPLlCj:yiiSbfe^^©i^^^^-^>3>^^^^ 

(a) la^mn (HQ) ©%opi:^^b^®H^> 
(by^^ifeiS (HN) ©%opi;^fl:^®S^ 

: (O) ; 1-CPL. J^Xf (•) ; r-CPL 
i/OL^ V-e/3>ffi3»: - ; 1-C PL, - ; r-CPL 
[01 9] 

HN ?: 2 4 5 n m-eC P L ICi: y a® Lfc#^«)^>::^ ^ l^- 3 > 

(a) iHt^rnn (HN) ©%opi:^^fc.^®K^. 

(b) ^^^S (HQ) (D%o9tmtm(Dm^ 
nm-^^ ' (O) ; l-CPL, ^-(S- (•) ; r-CPL 
i/a^lz-S/a^ffilS: - ; 1-C PL, - ; r-CPL 



') 1 1 - 2 3 6 1 7 




') 1-2 3 6 1 7 1 



[821 



(a) 




Wavelength / nm 



[03] 




Wavelength / nm 



f^s^ 1 1-23 6 1 



[@4] 



100 




2 4 
Irradiation time /h 
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[@5] 




8 0 



r-CPL 

70min 

SOOmin 




60min 

340min 

J I ' » I — 1 — ' — >- 



(-)-HN 
H-HN 
(+)-HQ 



(+)-HN + (+)-HQ 



J_J L » ' 



' I I 1 « « L 



200 



250 300 
Wavelength /nm 



350 



i^5il 1 1 - 2 3 6 1 7 1^ ' 




)■ i^5|lll-23 6 l7 1 



[07] 




IHQ] / (IHN1+ [HQ]) 



.) 4t¥l 1-23 6 1 7 1 



[09] 



o 
a. 



tHN] / [HNJpss 
0,2 0.4 0.6 0.8 



ex. 

O 



0.4 

0.2 
0 

-0.2 

-0.4 
0.6 

0.4 
0.2 
O 

-0.2 
-0.4 
-0.6 



9q* 9h>^ 



(a) 



.>^r:r. 



9q*9H<^ 



9q*9h<^ (^). 



9Q yH<^ 



0 



0.1 0.2 0.3 

[HN] / (IHN]+ [HQD 



0.4 



1-2 3 6 1 7 j 




m I (HN + HQ) 



) mil 
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[0111 




i^sjE 11-23617. 



[01 2] 




Dose / mA h 



) 1 1-2 3 6 1 7 1 



[014] 



0.6 
0.4 

0.2 



-0.2 
-0.4 

-0.6 



r-CPL (8 mA h) 
r-CPL (4 mA h) 




/-CPL (4 mA h) 
/-CPL (8 mA h) 



JL 



_J I — I — 1 — I 

200 250 300 

Wavelength / nm 



J I — I — «- 



350 
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